Abstract The study by Gomez et al., BThe Fate of Spacers in the Treatment of Periprosthetic Joint Infection,^evaluates the clinical course and success rate of treatment of periprosthetic joint infection with two-stage revision with spacer placement in the interim period. The current review critically analyzes the findings of this study and examines how these findings may influence patient care in the field of hip and knee replacement. Gomez et al. report sobering results of two-stage revision with spacer placement for periprosthetic joint infection. Nearly 20% of patients in their study who had a spacer placed never went on to get a new prosthesis and nearly 20% of those who did get a new prosthesis ultimately failed treatment. The authors reported a 7.5% mortality rate in the interstage period after resection arthroplasty. This study provides valuable information for counseling patients about the outcomes of treatment using spacers for infection after total joint arthroplasty. The results of this study also highlight the need for future investigation into better treatments for periprosthetic joint infections.
Introduction
An estimated one million total hip and knee replacement surgeries are performed annually in the USA, and that number is projected to increase in coming years [10] . The incidence of periprosthetic hip and knee infection has been reported as greater than 2% in the Medicare population [1] , with a reported economic burden of $566 million in the USA in 2009 [11] .
Periprosthetic joint infection is a devastating complication of joint arthroplasty and is known to diminish quality of life in patients who suffer from this problem [7] . The vast majority of surgeons in North America treat periprosthetic infections using a two-stage exchange arthroplasty involving removal of primary implants and placement of an antibiotic spacer, followed by reimplantation of new prosthesic components at a later date. In the interim period, patients also typically are treated with 6 weeks of parenteral antibiotics and require close follow-up [13] . A one-stage (direct exchange) method is more commonly employed by European surgeons and involves removal of infected implants, debridement of nearby tissue, and implantation of new sterile implants all in one operation.
The article discussed here by Gomez et al. [4] described the outcomes of treatment of periprosthetic joint infection with planned two-stage exchange arthroplasty. The authors examined success rates and reasons for failure of eradication of periprosthetic joint infection. The aims of the current review are (1) to critically evaluate the findings presented in this study and (2) to examine how these findings may influence patient care in the field of total joint replacement.
The Article
The Fate of Spacers in the Treatment of Periprosthetic Joint Infection. Gomez MM, Tan, TL, Manrique, J, Deirmengian GK, Parvizi J. J Bone Joint Surg Am. 2015;97:1495-502.
This study sought to answer the following research question: What is the clinical course and success rate of treatment of periprosthetic joint infection with two-stage revision in arthroplasty patients? To answer this question, the authors conducted a retrospective review from an institutional database of patients diagnosed with a periprosthetic hip or knee infection who underwent resection arthroplasty and antibiotic spacer placement for treatment. The study population included 482 patients (504 joints) treated between 1999 and 2013 (Figs. 1, 2, and 3) . Almost all patients were treated with a spacer containing dual antibiotics to act against both gram-positive and gram-negative organisms. Notably, the cohort had a reported prevalence of diabetes of 22.8% and prevalence of rheumatoid arthritis of 8.7%.
Four hundred seventeen cases (82.7%) underwent reimplantation of a new prosthesis as part of the twostage treatment process. Of patients treated with reimplantation, treatment was successful in 81.4%. Eightyseven cases retained their spacer, and of those, 23.6% were considered to be successfully treated. Classification of successful treatment included infection eradication characterized by a healed wound without drainage, fistula, or pain and no infection recurrence, no occurrence of periprosthetic joint infection-related mortality, and no subsequent surgical intervention for infection after reimplantation surgery. Sixty cases (11.9%) required a second spacer due to persistent infection, spacer dislocation, wound problems, or tibia fracture. Thirty-six of 482 patients (7.5%) included in the study died in the interstage period after resection arthroplasty. The most common organisms implicated in infection were coagulasenegative staphylococcus (16.7%), vancomycin-resistant Enterococcus or methicillin-resistant Staphylococcus aureus (14.9%), and methicillin-sensitive Staphylococcus aureus (14.5%). Twenty-seven percent of cases treated in this study had negative cultures.
Commentary
Gomez et al.'s study is a valuable contribution to the literature regarding the clinical course of two-stage revision for treatment of periprosthetic hip and knee infections [4] . Previous studies have reported >90% rate of success of twostage revision for periprosthetic infections [8, 12, 17, 18] . This study, however, provides sobering evidence that the outcomes of two-stage revision may be less successful than previously thought, with nearly 20% of patients undergoing resection arthroplasty while never getting a new prosthesis and nearly 20% of those who get a new prosthesis failing treatment.
This study has several strengths. First, it includes a large cohort of patients with close follow-up. It includes results for patients who were treated with the full two-stage course of revision, as well as patients who retained their spacer. This latter inclusion is important because prior studies may have reported overly inflated success rates by only including patients who were able to undergo both stages of treatment, while excluding patients who were unable to undergo the second stage [2, 15] . By including all patients who were started on the two-stage revision treatment pathway, the authors provide a more accurate picture of the outcomes, rather than skewing the results positively. Furthermore, this study includes patients treated at a high-volume joint replacement center with significant experience in treating periprosthetic joint infections. However, this setting of the study may have potential to introduce bias in that the insti- tution may be a referral center for more complex infections than those treated in the general population.
Another strength of this study is that it provides data on the most relevant comorbidities, which are rheumatoid arthritis and diabetes mellitus. The authors found a significantly lower reimplantation rate in patients with rheumatoid arthritis, which may be an important consideration in counseling patients with this condition who require treatment for periprosthetic joint infection.
Nevertheless, this study also has shortcomings. First, as the authors concede in the manuscript, no functional outcomes were included in the results of this study. Functional outcomes may be relevant in weighing the risk and benefits of treatment of periprosthetic joint infections with long-term antibiotic suppression versus one-stage revision versus twostage revision. Prior studies have suggested poor functional outcomes after two stage-revision [3] , and functional outcome data from this study could have been relevant for patient counseling and surgical decision making. Furthermore, no general health or health-related quality of life metrics were reported in the study. This type of data could be particularly useful in evaluating treatment options, especially from a comparative health care policy standpoint. Second, the data came from a heterogeneous database of patients treated by a multitude of different surgeons with a variety of practices for treating periprosthetic joint infection. Therefore, it is possible that not every patient included in the study received the optimal treatment course, and this may have biased the results and contributed to the high treatment failure rate. Third, the majority of patients in this cohort were treated with nonarticulating spacers. Thus, it is unknown if patients treated with articulating spacers would have equally sobering results. While prior reviews have failed to demonstrate a significant difference in reinfection rates or functional scores for articulating versus nonarticulating spacers [14, 16] , the outcomes of treatment with articulating spacers is an area requiring future investigation.
This study failed to address the differences in outcomes of periprosthetic joint infection between hips and knees. In the dataset, 65% of the infections are knees. It is unclear if this number reflects a higher rate of periprosthetic joint infection in knees compared to hips that require treatment with two-stage revision or if it is based on the referral patterns at the hospital where the study was performed. Unfortunately, statistics are not calculated to reflect differences between hips and knees in terms of outcome of periprosthetic joint infection treatment. However, further study is needed to define the differences and to develop specific protocols tailored to hip versus knee infections.
The results of this study show poorer outcomes than some of the previous reports of two-stage revisions for periprosthetic infections [8, 12, 17, 18] . These findings have significant implications for hip and knee arthroplasty surgeons. First, it is important for arthroplasty surgeons to be aware of the prognosis of patients who present with periprosthetic joint infection and to be able to counsel them appropriately. Second, this study demonstrates the need for better evidence-based protocols for treating periprosthetic joint infections. While two-stage revision has long been the gold standard, this and other recent studies call into question whether it is the best method of treatment. Recent studies have demonstrated the success of one-stage revision in selected patients [5, 9] , and recent commentary has called for further research that seeks to expand the indications for one-stage revision to a broader group of patients with periprosthetic joint infections [6] . The results of the present study may serve to amplify the call for better solutions to the devastating problem of periprosthetic joint infections.
In conclusion, the study by Gomez et al. provides important information about the prognosis of patients undergoing two-stage exchange arthroplasty for treatment of periprosthetic infection and also reignites the debate about best treatment methods for this condition. 
